BACKGROUND
Iowa has some of the most productive farmland in the world. Agricultural chemicals (pesticides and nitrogen fertilizers) have become an integral part of farming in Iowa, where some of the most intensive applications in the United States are used (Battaglin and Goolsby, 1995) . Intensive chemical use has focused investigations on Iowa to determine the occurrence of agricultural chemicals in ground water (Libra and others, 1987; Detroy and others, 1988; Hallberg, 1989; Kross and others, 1990) . Research has documented that alachlor, atrazine, cyanazine, and metolachlor historically have been the most frequently detected pesticides in Iowa's ground water. This research has increased public awareness of the occurrence of agricultural chemicals in ground water. A public concern has been whether concentrations of agricultural chemicals have changed over time. Few studies, however, have provided the consistency and longevity to adequately address this issue on a regional scale (Barbash and Resek, 1996) . In response to this concern, the Geological Survey Bureau, the University of Iowa Hygienic Laboratory, and the USGS formed the IGWM in 1982 to monitor agricultural chemicals in Iowa's ground water. From 1982-95, 2,041 nitrate samples from 1,024 municipal wells and 1,375 pesticide samples from 730 municipal wells were collected for the IGWM ( fig. 1 ). 
CHANGING CONCENTRATIONS
Laboratory measurements of nitrate, alachlor, atrazine, cyanazine, and metolachlor were examined to determine if concentrations of agricultural chemicals have changed over time. These compounds were selected because they tend to be the most commonly detected agricultural chemicals in Iowa's ground water (Detroy and others, 1988; Hallberg, 1989) . Samples collected over time from the same set of wells are the best samples to use to evaluate whether chemical concentrations in ground water are changing. 
WHAT MIGHT BE CAUSING THE CHANGES?
Two factors that could cause changes in the concentrations of agricultural chemicals in ground water are changes in precipitation (recharge) and in the amounts of chemicals applied to the land. Although precipitation is important, there are no obvious relations between precipitation and the temporal patterns found in this study for atrazine and metolachlor. However, statewide changes in chemical use and application rates (table 1) suggest a link to the temporal trends of decreasing atrazine and increasing metolachlor concentrations in ground water. The more frequently and intensively a chemical is used, the more likely that it might reach ground water. Statewide atrazine use decreased an estimated 12 percent, along with an estimated 40 percent decrease in intensity of use (mass per unit area), whereas statewide metolachlor use increased an estimated 50 percent (table 1) .
WHERE ARE THESE CHANGES OCCURRING?

Shallow Wells
Changing concentrations of atrazine and metolachlor in ground water were most likely to be observed in shallow wells ( fig. 3 ). This relation between tern- poral variability and well depth occurs because, as the distance between the land surface and the open interval of the well decreases, the ground water generally is younger ( fig. 4) . Consequently, changes in chemical applications at the land surface are indicated most rapidly in the youngest ground water.
Alluvial Aquifers
The changing concentrations of atrazine (decreasing) and metolachlor (increasing) were most apparent in alluvial aquifers ( fig. 5 ). Alluvial aquifers are sand and/or gravel water-bearing deposits beneath flood plains along stream valleys (figs. 6, 7). Chemical changes were observed most frequently in alluvial aquifers because water from these aquifers tends to be younger than that from other aquifer types. Research by others also has shown alluvial aquifers to be more susceptible to contamination by agricultural chemicals than most other types of aquifers (Hallberg, 1989; Kolpin and others, 1994; Kolpin and others, 1997) . 
MORE DATA NEEDED
Identifying changes in agricultural-chemical concentrations in ground water is a primary benefit of a long-term program such as the IGWM. It is important, however, that data continue to be collected for the IGWM for several reasons. First, by collecting additional data, it can be determined if the changes in chemical concentrations reported in this study will continue over time. Because the variability in rainfall has been extreme in recent years from the drought of the late 1980's to the record floods of 1993 more time and data are needed to fully understand the impact of these climatic trends. Second, the types of chemicals being used in Iowa are continually changing as their marketing rises and falls (just think how the chemical advertisements you see have changed). Without adequate data, it cannot be determined how these changes in chemical use affect ground-water quality. Third, recent research (Potter and Carpenter, 1995; others, 1996, 1997) has shown that pesticides can degrade into other compounds (degradates) that commonly are being found in ground water throughout the United States. Without data on these degradates, an understanding of the environmental fate of agricultural chemicals will remain incomplete. Finally, more data may be needed to determine chemical changes in older ground water.
ADDITIONAL READING
The results presented in this fact sheet are summarized from a previously published research paper. Additional information on the results of this study is available in this paper: Kolpin (Prior, 1991) .
